growing evidence in its support. The two ways of achieving this are by using, on the one hand, an alpha-blocking agent, such as phenoxybenzamine, or, on the other, a stimulator of the beta-receptors, such as isoprenaline. It is, of course, unwise to use either of these agents unless the peripheral circulation is full, as indicated by the CVP reading. The disadvantage of phenoxybenzamine is that it reduces arterial pressure to very low levels, lasts for a long time and is difficult to reverse. There is, however, plenty of experimental and clinical evidence in its favour (Lillehei & MacLean 1959 , Martin et al. 1966 . Isoprenaline is in some ways a more promising drug, because it not only reduces the peripheral resistance, but also has a strong inotropic action and increases the efficiency of the central pump (MacLean et al. 1967) . Unfortunately, its effects on heart rate, rhythm and blood pressure are unpredictable in the situation of endotoxaemic poisoning. For this reason, it should be given in small doses (1-2 pg/min) in a drip, accurately controlled and monitored by ECG.
There is both experimental (Sambhi et al. 1965) and clinical (Weil et al. 1964 ) evidence for the view that massive doses of steroids (prednisone 120-200 mg/24 hours, dexamethazone 40 mg/24 hours) can be useful in desperate circumstances. Here one is using the drugs not as physiological supplements (plasma cortisol levels are high) but for pharmacological purposes, and the reason for their action, which is capricious, is quite unknown. Because courses of treatment are always short, significant suppression of the adrenal cortex does not occur. Steroids are certainly not indicated in the average case. Summary (I) Infection of the bloodstream with Gramnegative organisms is an increasingly important complication of any form of surgery, particularly of operations involving the urinary tract.
(2) Its incidence increases with age and with the use of prophylactic antibiotics.
(3) It is difficult to diagnose, but in the early stages is characterized by a form of warm hypotensive shock and in the later stages presents a clinical picture difficult to distinguish from that of hemorrhage or major cardiovascular accident.
(4) Treatment of the established condition involves the use of antibiotics such as gentamicin, intravenous fluid replacement with simultaneous monitoring of the central venous pressure, vasodilator drugs and, rarely, corticosteroids. 
Gram-negative Septicaemia
Gram-negative septicaemia has a close relationship with disorders of the urinary tract (Gillespie et al. 1960 , Weil et al. 1964 . When 20 cases of Gram-negative septicemia were reviewed in Bristol (Talbot 1962) it was found that in 17 and possibly in 19 the portal of entry had been some part of the urinary tract. The records of all the cases of Gram-negative septicxmia in two Sheffield teaching hopsitals during 1967 and 1968 revealed 10 cases, in 7 of which the infection had almost certainly entered the bloodstream from some part of the urinary tract. Taking the Bristol and Sheffield series together it is found that 500% of cases follow urethral instrumentation of some sort. The commonest of these is transurethral resection (TUR) of the prostate.
The commonest single portal of entry appears to be the urethra. Slade (1958) showed that bacteriemia was common after removal of an indwelling catheter. These organisms are normally destroyed but may occasionally flourish. It is striking both on reviewing the records and on seeing cases personally how often septicTmia develops on the day of catheter removal. It is much more common after TUR than after open prostatectomy. Much the same prostatic wound is created by the two operations. The real difference in the two groups is that in the transurethral operation a large rigid instrument is in the urethra for an appreciable time. During this prolonged urethral instrumentation much minor trauma presumably occurs, leaving mucosal breaches through which bacteria may pass.
A urethrogram performed on a patient with a urethral stricture shows how quickly the dye enters the regional veins (Fig 1) .
Section ofSurgery
Clinical Picture Observations about the clinical picture are based on the review of 30 cases in Bristol and Sheffield. These are largely in accord with those published from other centres. All sorts of symptoms and signs may accompany any serious infection.
Fever, vomiting, diarrhoea, hyperventilation and respiratory distress, cardiac arrhythmias, mental confusion and semi-coma have all been seen. Some of these features are to be expected in any patient with a Gram-negative septic2mia. Jaundice has been described in a number of series and the incidence has been as high as 10%. In this series it only occurred once and this patient was cirrhotic. Weil et al. (1964) had a 10% incidence of jaundice in their Los Angeles patients, but they comment on the high proportion of patients with alcoholic liver disease.
Although the symptoms and signs may be variable, when we look at the overall picture the patient falls into one of three groups: (1) pyrexial but normotensive; (2) warm hypotension; (3) cold, blue hypotensive. They may move from one group to another with or without the influence of treatment.
About two-thirds of our patients can be classified as belonging to the first group. These patients have the classical features of septicxmia. They are febrile and have a full pulse with a tachy-
showing rapid entry ofcontrast medium into regional veins cardia. Often they have an initial rigor or recurrent rigors. In these patients there is little difficulty in suspecting a bloodstream infection. It is important to make sure that the patient has not got an undrained collection of pus as a cause of the febrile illness. An abscess and septicemia may, of course, co-exist.
The remaining third of the patients presented features which warranted their inclusion under the heading 'bacteriemic shock'. Those whose systolic blood pressure was below 85 mmHg have been regarded as showing bacterieemic shock. They fall basically into two groups. Some when first seen have a warm dry periphery but are grossly hypotensive. This state is typical of bacterixmic shock and it is labelled 'warm hypotension'. There may be an initial period of collapse when the patient is ashen grey with a white or blue periphery and cold extremities. Alternatively they may be hot, toxic and normotensive initially, and later become hypotensive while remaining warm and dry. The other group of patients are peripherally cold and blue when first seen and remain in this state for a considerable period. I do not know from personal experience whether some of the cold, blue patients have been through an unrecognized warm hypotensive phase. I suspect this happens because it is easy to overlook a fairly prolonged period of warm hypotension especially in a ward at night. These patients often look quite well superficially; they are fully orientated, warm and pink. They may feel light-headed or have a syncopal attack unless lying down. The gravity of the situation is not recognized until the blood pressure is recorded. Most of the patients are pyrexial but some of the worst cases in the cold blue group did not show any fever and this is a serious sign.
The diagnosis in the normotensive highly pyrexial group is not difficult to suspect and it is largely a question of excluding other causes of high fever. In the warm hypotensive patients the diagnosis is easy once attention has be.n drawn to the patient at all and the blood pressure has been recorded. We should be particularly suspicious in patients who have recently had some urethral instrumentation and this includes removing an indwelling catheter. In the cold blue group it is immediately obvious that the patient is desperately ill and the problem is one of differentiating Gram-negative septicemia from other causes of shock. Coronary thrombosis can be confused with Gram-negative shock, particularly as T-wave and S-T abnormalities are seen in the electrocardiogram of septicemic patients. Pulmonary embolism must also be distinguished particularly in the elderly post-operative patient. Hxemorrhagic pancreatitis may be suspected, particularly as the renal clearance of amylase is impaired and a raised serum amylase may be found. In most series of Gram-negative septicoemia a considerable number of diabetics are found and diabetic keto-acidosis can be confused with septicxemic shock. Diabetes, cirrhosis of the liver, uraemia and serious blood disorders predispose to Gramnegative septicxemia and we should be doubly suspicious in these conditions.
Confident assertions about mortality rates cannot be made on the basis of this small series. Only one out of 20 normotensive patients died and this was a 79-year-old man with uroemia and a perinephric abscess. Three out of the 10 shocked patients died and 2 of these were in the cold blue group. Other published series give variable mortality rates from 100% in unshocked patients to 80% in shocked cases. A number of patients in any series have advanced cirrhosis or leukemia, and in these patients the septicsemia can be regarded as a natural terminal event. This inflates the mortality figures. The important reducible mortality rate is in that of the otherwise healthy individuals. In this series only one of the patients who died would certainly have survived but for his septicemia. The other three would probably, but not necessarily, have succumbed from other causes.
Management
If Gram-negative septicemia is suspected, appropriate antibiotic treatment must be started immediately. This is particularly important in the shocked cases. In all patients blood is taken for culture before the first dose of antibiotic is administered. In some patients reference to recent bacteriological reports may give a clue to the right antibiotic. Nevertheless, in many cases there will be no evidence as to the causative organism. A guess must be made but it can be an informed guess. One of three groups of organisms is likely to be responsible. In this series 27 out of 30 septicaemias were due to proteus or coliform organisms, the remaining 3 cases were due to Ps. pyocyanea. Fig 2 illustrates the sensitivity of the three common organisms to various antibiotics. It is based on a survey of organisms in both Bristol and Sheffield. A recent survey of organisms in Sheffield shows that all three of the important Gram-negative organisms are invariably sensitive to gentamicin, making this the drug of choice in Gram-negative septicxmia. A dose of 80 mg is given eight-hourly, perhaps with a loading dose of 160 mg. It is noticeable in Sheffield that the proteus organisms are less virulent than those seen in Bristol. Geographical differences are important and it is as well to have some idea of the potentialities of your own hospital bacteria.
The most important facet of treatment is early administration of an appropriate antibiotic. The only death in this series in an otherwise healthy individual occurred in a man who initially received an antibiotic to which the organism was resistant.
The hypotensive patients usually recover quite rapidly when the correct antibiotic is used. We had one patient who remained cold and blue for 36 hours whilst receiving the wrong antibiotic, but rapidly recovered after starting treatment with kanamycin to which the proteus organism infecting his bloodstream was sensitive.
In the last five years I have not had a case of Gram-negative septicemia on my firm. I had hopefully attributed this to scrupulous care in preventing infection in urological cases. We used to use underwater-seal drainage bottles but more recently have employed plastic bags with nonreturn valves. If the urine was known to be infected, appropriate antibiotic cover was maintained during instrumentation, or until the catheter was removed after prostatectomy. It may well be that a more important reason for our immunity has been the regular transfer to urologists of those patients who are best treated by transurethral resection.
